Background
Germ-line development in Caenorhabditis elegans requires the coordinate regulation of cell proliferation, sex determination, meiotic progression and gamete formation [1] . These diverse processes are regulated in a variety of ways, as illustrated by three brief examples. Proliferation depends on an inductive signal from somatic distal-tip cells that is mediated by a Notch-type signaling pathway (see [2, 3] ). Sex determination relies on a genetic pathway that specifies differentiation of sperm in males and larval hermaphrodites, and then is reset to specify oogenesis in the adult hermaphrodite [4] . Entry into meiosis (and, consequently, gametogenesis) depends on the activity of two redundant pathways, mediated by GLD-1 and GLD-2 proteins [5] [6] [7] .
Weak alleles of ego-1 were originally identified in screens for mutations that interact genetically with the inductive pathway that signals germ-line proliferation [8] . These alleles disrupt oogenesis and cause sterility. In studies reported here, we recovered and characterized ego-1 null alleles, and found that they disrupted germ-line development in multiple ways. Defects occurred in gametogenesis, proliferation and meiosis; of these, only abnormal oogenesis has previously been associated with ego-1 [8] . Consistent with its germ-line-specific phenotype, we found the ego-1 transcript primarily (if not entirely) in the germ line.
The predicted EGO-1 protein is related to tomato RNAdirected RNA polymerase (RdRP) [9] and Neurospora crassa QDE-1 protein [10] . The qde-1 gene was identified in screens for mutants defective in a post-transcriptional gene silencing (PTGS) phenomenon called quelling [11] . Similar phenomena, often called co-suppression, have been described in plant species (see [12] ). They are related in many respects to RNA-mediated genetic silencing (also called RNA interference or RNAi) in C. elegans (see [13, 14] ). RdRP is also suspected to function in PTGS (see Discussion). One implication of the homology between EGO-1, QDE-1 and RdRP is that ego-1 might function in PTGS in C. elegans. We found that ego-1 mutants were indeed insensitive or weakly sensitive to RNAi in the expression of some, but not all, germ-lineexpressed genes. We also found that some ego-1 mutations disrupted the RdRP/QDE-1-conserved region, implicating this domain in EGO-1 function. Hence, ego-1 is a gene with an essential role in germ-line development and encodes what appears to be a component of the RNAi machinery.
Results
Two ego-1 alleles (om18, om71) were previously reported as disrupting oogenesis and interacting with the Notch-type signaling pathway that promotes germ-line proliferation in C. elegans [8] . We isolated and characterized several additional alleles in order to determine the ego-1 null phenotype (see Materials and methods). Dosage studies confirmed that the new alleles were recessive and likely to be associated with a loss of gene function. Comparison of ego-1(-/-) and ego-1(-/Df) animals (where Df indicates a chromosomal deficiency) showed that they had qualitatively similar phenotypes (compare panels c-e in Figure 1) ; development was normal in ego-1(-/-);Dp[ego-1(+)] germ lines, indicating that one dose of ego-1(+) rescues the ego-1(-) phenotype (see Materials and methods). The om58, om84 and om97 phenotypes were more severe than those of other alleles (see below). Molecular studies predicted that these three alleles produce truncated products, whereas the protein encoded by other alleles is of wildtype length (see below). Thus, om58, om84 and om97 are likely to be null for ego-1 function.
Developmental defects in ego-1 mutants
Severe ego-1 mutants have multiple germ-line defects. Somatic development appears to be normal. To describe the ego-1 phenotype in detail, the time course of germ-line development was examined using om58 and om18, which are representative severe and weak alleles, respectively. Other alleles were examined at landmark time points. Germ-line development in unc-29(e193) animals served as a control as unc-29 was used as a marker to identify ego-1 homozygotes. The unc-29 animals resembled the wild type (N2) except that the onset of meiotic prophase and subsequent gametogenesis were delayed by ~4 hours (Table 1 , Figure 1a ,b and data not shown). Germ-line defects in ego-1 mutants are described below. Chromosome morphology was visualized using the dye 4,6-diamidino-2-phenylindole (DAPI; see Materials and methods).
Alterations in gametogenesis
The spermatogenesis-to-oogenesis switch occurred several hours later in ego-1 mutants than in controls (Table 1 and data not shown). The unc-29 animals had completed spermatogenesis and produced oocytes and some embryos by 58-60 hours. In contrast, spermatogenesis continued in most ego-1(om58) animals for another ~8 hours (66-68 hours). A similar effect was seen with all other alleles (Table 1 and data not shown). As a result of prolonged spermatogenesis, om58 animals produced more sperm than did controls. For example, at 66-68 hours, unc-29 controls had 106 ± 4 sperm and om58 unc-29 mutants had 121 ± 6 sperm; when a one-way analysis of variance was used to test the difference in sperm count between control and om58 animals, it was found to be significant (p < 0.045) [15] .
In addition to being delayed, the switch from spermatogenesis to oogenesis appeared defective in ego-1 hermaphrodites; mutants made morphologically normal sperm, but then typically produced small cells with unusual chromosome morphology before making recognizable oocytes (Figure 1c,e) . This phenotype was observed with all alleles except om18 and om71. These intermediate-sized germ cells could be abnormal primary spermatocytes or intersexual cells. In the latter case, they should form only in a germ line that switches sex from male to female. To test this idea, we used fog-3 (for 'feminization of the The ego-1(-) oocytes were small and could not support embryonic development (Figure 1c ; see [8] ); this phenotype has been described as Oog (for 'oogenesis defective') [8] . Oocyte nuclei often did not have the typical diakinesis morphology but, instead, some homologous chromosomes appeared unpaired (data not shown). This effect was observed for all alleles except om18, and was seen in ego-1(om18/Df) animals. The ego-1 oocytes could be fertilized and produced an eggshell, but typically arrested as a loose ball of 20-50 cells without undergoing morphogenesis or forming muscle or gut cells (data not shown).
When viewed under the dissecting microscope, ego-1 adults initially appeared sterile because oogenesis was delayed, and then because the small oocytes were slow to be ovulated and fertilized. Ovulation occurred earlier in om18, om54 and om96 adults than in other ego-1 mutants, and embryos frequently became visible in the uterus. Therefore, these three alleles produce a milder 'dissecting-microscope phenotype'.
Alterations in mitosis and meiosis
Young ego-1 mutants contained three other defects, which are described here in order of appearance. The first sign of meiosis in wild-type C. elegans is the presence of nuclei in very early meiotic prophase; they are morphologically distinct from mitotic nuclei and from meiotic nuclei that have progressed on to the pachytene stage (Figure 1a-c) . These early meiotic nuclei are referred to as being in 'transition' from mitosis to the pachytene stage (see [5] ). In ego-1 animals, transition nuclei were visible several hours earlier than in controls: they were present in most ego-1 unc-29 mutant germ lines at 34-36 hours but not in unc-29 control animals until several hours later (42-44 hours; Table 1 ). Similarly, ~1-2 transition nuclei were present in some ego-1;unc-32 gonad arms (50%) at 30-32 hours whereas they were not present in unc-32 controls until 34-36 hours (68%). (The remaining animals had no transition nuclei yet.) In contrast, by 34-36 hours, 100% of ego-1;unc-32 animals contained several transition nuclei (n = 18 arms).
The ego-1 mutants had large, diffusely staining nuclei in the distal arm of the gonad that were not found in the wild type or in unc-29 controls (Figure 1c,d ). The number of such nuclei per animal averaged from 1 ± 1 to 6 ± 2, depending on the allele or heteroallelic combination examined. In time-course experiments, abnormal nuclei were first visible at early/mid-L4 stage (40-44 h; Table 1 ) and became more numerous in older animals.
In ego-1 mutants, the region containing transition nuclei (the 'transition zone', or TZ) appeared enlarged and the pachytene zone (PZ) reduced relative to the wild type ( Figure 1a -c). This effect was quantified by determining the size of individual mitotic, transition and pachytene zones relative to the entire distal germ line (see Materials and methods). Data were normalized for differences in total germ cell numbers in different genetic backgrounds. In unc-29 controls, the mitotic zone (MZ), TZ, and PZ comprised 35%, 8% and 57%, respectively, of the distal germ line; this distribution resembles the wild type (see [5] ). In ego-1 mutants, the TZ was enlarged 2.5-4.5-fold relative to controls depending on the allele examined, and the PZ was reduced. For example, in ego-1(om58) adults, the MZ, TZ and PZ comprised 40%, 32% and 28% of the distal germ line, respectively. Thus, at any given time, ego-1 germ lines contain a larger proportion of transition nuclei than do control germ lines.
The ego-1 phenotype in males
Germ-line defects in ego-1 males included a reduced number of germ cells, enlarged TZ, and abnormal distal nuclei as found in hermaphrodites (Table 1 and data not shown). These results are consistent with the ability of ego-1 mutations to enhance the phenotype of glp-1 mutations in both sexes ( [8] ; this study) and may indicate that ego-1 has a common function(s) in male and hermaphrodite germ lines.
To test whether ego-1 mutants make functional sperm, ego-1 unc-29 males were mated to unc-13 hermaphrodites and to fem-1 (for 'feminization of the germ line') or fog-1 XX animals that do not produce their own sperm. Cross progeny were not detected in any case. (In equivalent control crosses, ego-1(+) unc-29 males produced numerous progeny.) When examined, the fem or fog animals contained sperm that must have been transferred by the ego-1 males. Therefore, male ego-1 sperm are apparently incapable of fertilization despite their normal appearance under differential interference contrast (DIC) optics and upon DAPI staining.
The ego-1 gene structure
Genetic mapping placed ego-1 between goa-1 and gld-1 (Figure 2a ; see Materials and methods). Genomic DNA from seven ego-1 mutants was probed for restriction fragment length polymorphisms using cosmids spanning the goa-1 to gld-1 region (Figure 2b ). One cosmid, F26A3, detected a small deletion in the ultraviolet radiation (UV)-induced mutant ego-1(om84) (Figures 2,3) . DNA from the vicinity of the ego-1(om84) deletion, when used to probe blots of total worm RNA from mixed-stage wild-type animals, detected an ~5.5 kb transcript ( Figure 4 ). Reverse transcription (RT)-PCR products and cDNAs corresponding to the entire transcript were then isolated and fully sequenced (see Materials and methods). The ego-1 gene structure is schematically illustrated in Figure 3 ; ego-1 corresponds to roughly the 5′ half of a predicted gene designated F26A3.3 by the C. elegans sequencing consortium [18] . Sequence data revealed an open reading frame of 4896 nucleotides that is predicted to encode a 1632 aminoacid protein ( Figure 5 and see Supplementary material).
The predicted EGO-1 protein is related to proteins implicated in PTGS
EGO-1 belongs to a protein family containing tomato RdRP (GenBank accession number Y10403) [9] and N. crassa QDE-1 (GenBank accession number AJ133528) [10, 11] . Homology was higher between EGO-1 and tomato RdRP than between EGO-1 and QDE-1, but both homologies were significant (expected values of 7 × 10 -78 and 8 × 10 -7 , respectively, using BLAST). EGO-1 is also related to RdRP family members of unknown function in C. elegans (see below), Arabidopsis thaliana (GenBank accession number AF080120, expected value 6 × 10 -66 , and several others), Schizosaccharomyces pombe (GenBank accession number Z98533, expected value 10 -59 ) and Phanerochaete chrysosporium (GenBank accession number Z31373, expected value 4 × 10 -17 ). Figure 5 shows an The ego-1 gene structure and mutant lesions. 
Molecular nature of ego-1 mutations
The ego-1 mutations were analyzed to identify null alleles and critical residues within the EGO-1 protein (Figure 3) . DNA corresponding to ego-1 was amplified from individual mutant animals and sequenced (see Materials and methods). The om84 deletion introduces a stop codon in the reading frame; hence, om84 is predicted to encode a severely truncated protein without activity. The om97 allele was also found to contain a stop codon early in the coding region and is unlikely to have EGO-1 activity. The om58 allele was found to have two lesions: it is predicted to encode a truncated product of 1287 amino acids with a missense mutation close to the carboxyl terminus. Because the om58 open reading frame is relatively long (~79% of the full-length open reading frame) and contains the RdRPrelated region, it may encode a product with some activity.
Four phenotypically weaker alleles were found to have point mutations that might cause a partial loss of gene function ( Figure 3 ). The om54, om71 and om96 alleles have missense mutations in well-conserved residues; the om54 and om71 lesions are located within the RdRP-conserved domain ( Figure 5 ). The om18 allele contains an altered splice acceptor sequence in intron four. Examples of such mutations causing a partial loss of gene function have been described [19] ; in these cases, splicing occurs at the proper site in a subset of transcripts.
Tissue specificity of the ego-1 transcript
To determine whether the ego-1 transcript is germ-linespecific, as might be predicted from the ego-1 phenotype, we compared the transcript levels in wild-type worms and germ-line-deficient mutants (see Materials and methods). The conditional glp-4(bn2ts) mutation [20] was used to grow up a large population of animals with very small germ lines. In RNA prepared from glp-4(bn2ts) mutants grown at 25°C, ego-1 transcripts were barely detectable (Figure 4 ), suggesting they are either specific to or highly enriched in the germ line. In contrast, the intestine-specific transcript from a yolk-protein gene, vit-2, was present at high levels in both strains ( Figure 4) .
As glp-4(bn2ts)
animals contain a few germ cells, the low level of ego-1 transcript in these animals could be present in the soma and/or germ line.
The ego-1 gene and RNAi
We tested whether ego-1 functions in RNAi. Doublestranded RNA (dsRNA) corresponding to each of several genes was injected into ego-1 mutants and their response monitored. Wild-type and ego-1(+/-) animals were injected in parallel to control for effectiveness of the procedure (see Materials and methods). We mainly tested germ-lineexpressed genes, because ego-1 is itself expressed predominantly in the germ line.
The ego-1 mutants had approximately normal sensitivity to unc-22 and lag-1 dsRNAs, yet little or no sensitivity to gld-1, mpk-1 and ncc-1 dsRNAs (Table 2 ; see below). The unc-22-injected animals were scored for an uncoordinated 'Twitcher' phenotype [21] . The lag-1-injected animals were scored for loss of the distal mitotic zone [22] . Animals injected with gld-1, mpk-1 or ncc-1 were scored as described below. Interestingly, injection of dsRNA per se appeared to enhance the ego-1 germ-line-defective phenotype when compared with uninjected ego-1 animals of the same age (data not shown).
Injection of mpk-1 dsRNA produced a severe pachyteneexit defect (Pex phenotype; [23] ) in control animals within 2 days at 20°C, yet produced almost no response in ego-1 mutants (Table 2) . To confirm that mpk-1 dsRNA was indeed transferred to ego-1 animals during
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Figure 4
The ego-1 transcript is highly germ-line enriched. RNA from wild-type (N2) worms and germ-line-deficient glp-4(bn2ts) mutants was compared. An ego-1 probe detected a transcript of ~5.5 kb in total RNA from wild-type worms but not from glp-4(bn2ts) mutants. In contrast, the somatic vit-2 (yolk-protein gene) transcript was detected at similar levels in both strains.
the injections, mpk-1 and unc-22 dsRNAs were coinjected. After 3 days at 20°C, most injected animals (92% of controls, 100% of experimental animals) had an unc-22 phenotype and 98% of controls had a severe Pex phenotype ( Table 2 ). In contrast, only 31% of ego-1 gonad arms were mildly Pex and none were severely so. Thus, successful injection of mpk-1 dsRNA into ego-1 animals elicits only a very delayed, weak response. As a control, we examined ego-1(null); mpk-1(null) double mutants (see Materials and methods). These animals are Pex (n = 20 animals); hence, the failure of ego-1(null);mpk-1(RNAi) animals to become Pex does not reflect suppression by ego-1(null).
Control animals injected with gld-1 dsRNA became oogenesis-defective within 2 days and acquired a second, proximal mitotic zone (that formed a tumor) within 3 days (Table 2 and data not shown; see [5] ). Because ego-1 mutants also make defective oocytes, we scored injected ego-1 animals for the proximal mitosis phenotype. After 3 days at 20°C, no injected ego-1 animals contained a proximal mitotic zone although 100% of controls did so (Table 2) . Therefore, gld-1 appears to be resistant to RNAi in an ego-1(null) background. As a control, we wanted to examine whether ego-1 suppresses gld-1. Because the two genes map very close together and are not flanked by suitable markers, we did not construct a double mutant; instead, we took advantage of the fact that injection of ego-1 dsRNA produces a robust ego-1(-) phenotype in F1 animals. When ego-1 was injected into gld-2 gld-1 unc-29/hT2 animals, the ego-1(RNAi) phenotype did not suppress the gld-2 gld-1 tumor [7] . Hence,
ego-1(null) presumably does not suppress gld-1(null).
Control animals responded strongly to ncc-1 dsRNA: after 2 days at 20°C, 94% of gonad arms had lost the mitotic zone and distal germ cells had entered meiosis (Table 2; see [24] ). Furthermore, the chromosome morphology of most full-sized oocytes did not appear as fully condensed as in wild-type diakinesis (data not shown). In our hands, standard diakinesis nuclei were rare in these animals. In contrast, fully 77% of injected ego-1 gonad arms retained a mitotic zone and 100% of them contained multiple diakinesis nuclei; only 22% (n = 36) contained oocytes with the unusual nuclear morphology noted in controls. As a control, we examined ego-1(null);ncc-1(ts) double mutants (see Materials and methods). Germ-line mitosis ceased in these animals (n = 24 animals), as in ncc-1(ts) single mutants under the same conditions; hence, the failure to see loss of the mitotic zone in ego-1(null);ncc-1(RNAi) animals does not reflect suppression by ego-1(null).
Effects on signaling from distal tip cell to the germ line
To better understand the role of ego-1 in germ-line proliferation, we examined whether the loss of ego-1 function enhances mutations in lag-1, a transcription factor activated by distal tip cell (DTC)-to-germ-line signaling [3] . We compared enhancement of lag-1(om13ts) [8] and glp-1(bn18ts) [25] . Our measure of DTC-to-germ-line signaling efficiency was the presence of mitotic germ cells. At 20°C, lag-1(om13ts) and glp-1(bn18ts) animals maintained a mitotic germ line throughout adulthood (this paper; [8] Table 2 Tests for RNAi in an ego-1 mutant background. 
Gene(s) tested

Discussion
The role of ego-1 in germ-line development
The activity of the ego-1 gene is critical for several aspects of cell proliferation and differentiation in the C. elegans germ line. The most obvious results of the loss of ego-1 function are gametogenesis defects and subsequent sterility. In hermaphrodites, EGO-1 is required for the timely and clean transition from spermatogenesis to oogenesis and for the subsequent production of functional oocytes. EGO-1 may play a direct role in these events or influence them indirectly through its earlier function(s) in mitosis and/or meiotic prophase. There is precedence for the latter hypothesis in the analysis of gld-1 gene activity. GLD-1 function is required for early meiotic progression in hermaphrodites, yet the lack of GLD-1 activity can result in abnormal oocytes later in development [5, 6, 26] . A similar requirement may exist for EGO-1 activity.
By mid-larval development, loss of ego-1 function causes mitotic and meiotic defects. The earliest observed effect, premature meiosis, may reflect decreased efficacy of inductive signaling from DTC to germ line. Consistent with this hypothesis, ego-1 mutations exacerbate the effects of decreased GLP-1 receptor and LAG-1 transcription factor activities. Also associated with the loss of ego-1 function are abnormal nuclei in the distal germ line that appear arrested at an aberrant point in the cell cycle. This phenotype may reflect a role for EGO-1 in promoting germ-line mitosis per se. Once ego-1 germ-line nuclei enter meiosis, they remain in early meiosis (presumably leptotene-zygotene) for longer than normal, perhaps because they have trouble executing an early step in meiotic prophase. A second meiotic defect is seen in full-grown oocytes where homologous chromosomes are unpaired. In yeast, failure to undergo meiotic recombination can result in desynapsis of chromosome pairs later in meiosis [27] . Unpaired homologs in ego-1 oocytes may likewise reflect a recombination defect.
The role of ego-1 in RNAi
EGO-1 is related to N. crassa QDE-1 and tomato RdRP, two proteins implicated in PTGS. The qde-1 mutants are defective in quelling (PTGS) for each of several genes tested [11] .
The connection between RdRP and PTGS is not as definitive, but quite plausible by the following logic. In general, PTGS phenomena are triggered by introduction of foreign DNA or RNA molecules, such as transgenes, RNA viruses and dsRNA (see [12] [13] [14] ). PTGS is thought to be RNAmediated (regardless of the initial trigger) and to require an RNA amplification step (see [14, 21] Mutations in rde (RNAi-deficient) and mut (mutator) genes have recently been reported that are strongly resistant to RNAi [30, 31] . These mutants are fertile; therefore, at least some components of the RNAi machinery are not required for germ-line development. As ego-1 is essential for germ-line development, its roles in development and RNAi may be different. Perhaps the biochemical function of EGO-1 is the same in both cases, but used to different advantage to regulate germ-line development and to promote RNAi. One possibility is that the developmental function of EGO-1 does not involve a PTGS mechanism of any kind. Alternatively, EGO-1 may function in a PTGS mechanism that regulates gene expression during development and is related, but not identical, to RNAi. In the latter case, the ego-1 null phenotype might reflect a failure to downregulate gene expression at multiple points during germ-line development.
It is hypothesized that PTGS may be a critical defense against viral infection [14] and a means of limiting transposon density within the genome [31] . Our work shows that a gene with a developmental function encodes what appears to be a component of PTGS machinery. Further studies will investigate the relationship between EGO-1 function in development and in RNAi to determine whether PTGS is important in the regulation of development.
Conclusions
We have reported here that ego-1 encodes a putative RdRP/QDE-1 family member whose activity is required for normal germ-line development in C. elegans. In the absence of ego-1 activity, we observed reduced and, in some cases, defective germ-line mitosis, premature entry into meiosis, slow progression through early meiotic prophase, a delayed and incomplete switch from spermatogenesis to oogenesis, and production of abnormal oocytes.
We have also shown that severe ego-1 mutants have a genespecific defect in dsRNA-mediated PTGS (RNAi). We identified several putative null alleles and have shown that the RdRP/QDE-1-conserved domain is required for EGO-1 activity. Finally, the ego-1 transcript is present predominantly (if not entirely) in the germ line, suggesting that ego-1 is transcribed in a tissue-specific manner.
Materials and methods
Culture conditions and strains
Standard culture conditions were used [32] . Wild-type strain C. elegans variant Bristol (N2) and mutant phenotypes are as described by Hodgkin [33] or as indicated. Nomenclature follows standard guidelines [33] . Mutations used were as follows. Linkage group (LG) I: dpy-5 (e61), ego-1 (om18, om71) [8] , fog-3 (q443) [16] , gld-1 (q268, q485) [5] , gld-2 (dx32) [7] , goa-1 (n363), let-88 (s132), lin-10 (e1439), lrp-1 (ku156) (kindly supplied by J. Yochem), unc-13 (e1091), unc-29 (e193), hT2 [34] , ozDf5 [5] , gaDp1 (kindly supplied by S. Kim);
LGIII: glp-1 (bn18ts) [25] , mog-1 (q376) [17] , mpk-1 (ga117) [35] , ncc-1 (he25ts) [24] , unc-32 (e189); LGIV: lag-1 (om13ts) [8] , unc-5 (e53); LGV: him-5 (e1467ts).
Isolation of ego-1 mutations
The ego-1 mutations were isolated by a scheme described in Qiao et al. [8] following ethylmethane sulfonate (EMS) mutagenesis (om54, om58, om96, om97) or trimethylpsoralen/UV mutagenesis (om84). They map between dpy-5 and unc-29, are uncovered by ozDf5 ( Figure 2 and data not shown), and fail to complement each other and two previously reported ego-1 alleles, om18 and om71 [8] . Threefactor mapping of om58, om71, om84, and om97 with unc-13 let-88, unc-13 goa-1, and unc-13 lrp-1 placed them between goa-1 and gld-1, very close or to the right of lrp-1 ( Figure 2 and data not shown).
Phenotypic characterization
Chromosome morphology was examined in animals fixed with -20°C methanol, stained with 0.5 µM DAPI, and mounted in Vectashield (Vector Labs). As a control, animals of several genotypes were dissected and fixed with 3% formaldehyde in 100 mM KHPO 4 . Qualitatively similar results were obtained with each fixation method. To compare the relative sizes of the MZ, TZ and PZ, we chose one focal plane and counted the number of rows of nuclei in each zone. The TZ was defined as that region where at least two nuclei per row had the diagnostic 'crescent moon' morphology (see [5] ). The portion of the total distal germ line represented by each zone was then calculated as the number of rows of nuclei within a given zone divided by the total number of rows in the three zones together; for example, number of rows in TZ / number of rows in (MZ + TZ + PZ). To examine the time course of germ-line development, synchronized animals were DAPIstained and characterized as described [8] . The ego-1(om58) time points were taken every 4 h from 28 to 72 h; ego-1(om18) time points were taken every 4 h from 24 to 66 h. An unc-29 time course was done in parallel as a control for each experiment. Staged om54 and om97 mutants were observed at landmark time points. Germ-line size was analyzed in young adult animals as described [8] .
Stocks
The ego-1(-)/ego-1(-0);ego-1(+) animals were generated using gaDp1, a free duplication carrying dpy-5(+), ego-1(+) and unc-13(+). 
Molecular methods
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